Aim This study aimed to ascertain the prevalence of and the risk factors associated with early and late age-related macular degeneration (AMD) among Chinese individuals aged Z65 years residing in Puzih, Taiwan. Methods This population-based cross-sectional study graded digital colour photographs of the ocular fundus of 673 individuals using the Wisconsin Age-Related Maculopathy Grading System. We compared the characteristics of individuals with early and late AMD using w 2 -analyses and described risk factors for early and late AMD using odds ratios and 95% confidence intervals. Results Individuals with late AMD were significantly older and more likely to have hypertension. Further, their sunlight exposure time was longer than that of those with early AMD, only drusen, or no AMD lesions (Po0.01). A history of hyperlipidaemia for 410 years was a significant risk factor for early AMD, while old age, hypertension for 410 years, and exposure to sunlight for 48 h per day were associated with late AMD. Conclusions The prevalence rate of early AMD in the present study was 15.0%, which is similar to that reported for Caucasians and Japanese included in the European Eye Study and the Hisayama Study, respectively. The late AMD prevalence rate of 7.3% found among our study participants was comparable to that reported by the Greenland Inuit Eye Study and Reykjavik Study, but considerably lower than that reported for Caucasians, indicating that late AMD might be less prevalent among Asians than Caucasians.
Introduction
Age-related macular degeneration (AMD) is the most important cause of irreversible blindness among elderly Caucasians residing in Western countries. The Beaver Dam Eye Study (1992) reported the prevalence of AMD in different racial and ethnic groups from various population-based studies, 1 and, in the past decade, several reports have indicated that late AMD might be more prevalent among Caucasians living in Norway (2.8%-9.5%) [2] [3] [4] and Iceland (5.7%) 5 than among those living in the United States (1.6%) 1 and Australia (1.9%). 6 In Asia, the prevalence of late AMD is estimated to be between 0.20 and 1.90%, based on data from China, 7, 8 Japan, 9,10 Taiwan 11 and Singapore. 12 A systematic review and meta-analysis of the prevalence of AMD among Asians concluded that the prevalence of late AMD in Asians was similar to that in Caucasian populations, but that early signs of AMD were less frequently seen among Asians. 13 Thus far, there have been several studies that investigated the prevalence of AMD in the Chinese population. The Beijing Eye Study reported a prevalence rate of 1.4 and 0.2% for early and late AMD, respectively, in Chinese people aged 40 years and older, 8 whereas the Handan Eye Study in China found a prevalence rate of 3.0 and 0.1% for early and late AMD, respectively, in Chinese people aged 30 years and older. 7 A multiethnic atherosclerosis study found a prevalence rate of 3.6 and 1.0% for early and late AMD, respectively, in Chinese people between 45 and 84 years of age residing in the United States, 14 and the Shihpai Eye Study, conducted in Taiwan, reported a prevalence rate of 9.2 and 1.9%, respectively, for early and late AMD in Chinese people aged 65 years and older. 11 Puzih is a coastal city located at a latitude of 231 North in south-western Taiwan. The population of Puzih is older and has a lower income and rate of eye care than the population included in the Shihpai Eye Study. Hence, the purpose of the present study was to ascertain the prevalence of and the associated risk factors for AMD among elderly Chinese individuals living in Puzih, Taiwan. To our knowledge, this is the first assessment of the prevalence of AMD among an elderly Taiwanese population since the Shihpai Eye Study (2008) .
Materials and methods

Statement of ethics
The present study was conducted in accordance with the Declaration of Helsinki, and it was approved by the Institutional Review Board of Chang Gung Memorial Hospital at Chiayi, Taiwan. Written informed consent was obtained from all participants after study researchers verbally explained the procedures of the study to them. We further certify that all applicable institutional and governmental regulations concerning the ethical use of humans were followed during this research.
Study population
This was a cross-sectional population-based survey conducted from January 2010 to March 2012 in Puzih, a south-western seaside city in Chiayi County, Taiwan. Puzih has a population of 6786 individuals aged Z65 years (http://puzih-hro.cyhg.gov.tw/populB/ index.asp?Parser=99, 39). Most of Puzih residents work outdoors as farmers, fishermen, or brine evaporators.
We invited 3000 residents aged Z65 years of Puzih to participate in our study. Invitees were randomly chosen by the resident's identification number. Of the 3000 invited individuals, 708 (23.6%) volunteers were enrolled. In total, 680 (96.0%) of the study participants had at least one fundus photograph of either eye, and 673 (95.1%) of them had gradable fundus photographs.
The mean age of our study participants suggested that the participants were young, but it was not significantly different from the mean age of the residents of Puzih recorded in the government household registration data (http://puzih-hro.cyhg.gov.tw/populB/index. asp?Parser=99, 39) (74.2 vs 74.6 years).
Procedures
Ocular examinations included the following: (1) bestcorrected visual acuity (Snellen-chart), (2) intraocular pressure, and (3) slit-lamp testing. We took colour photographs of the fundus of participants' eyes using a fundus camera (CF-60UD, Canon Inc., Tokyo, Japan) after dilating both eyes with the administration of 0.5% tropicamide and 10% phenylephrine. In total, five 45 1 and one 30 1 photographs centred on the fovea were taken. We also recorded the body mass, height, waistand-hip circumference as well as the blood pressure of all our participants. Participants with hypertension and hyperlipidaemia were identified following enquiry into their medical history and use of medication, while visual function questionnaires, written in Mandarin Chinese, were completed before the performance of any examination. These questionnaires were always administered by the same research assistant.
Fundus photograph grading
All of the fundus photographs were recorded by the same research assistant and they were available in digital format. Two retinal specialists, who were blinded to data pertaining to the characteristics of participants, graded the photographs individually on a computer screen. All equivocal and late AMD lesions (geographic atrophy and neovascular AMD) were discussed among the specialists, and they graded each of the fundus photographs according to the Wisconsin Age-Related Maculopathy Grading System. 15 Drusen size (o63 mm, 63-125 mm, 4125 mm, 4500 mm), type (distinct or indistinct), number and area (defined using the diameter with the centre of the macula as Zone 1 (1000 mm), Zone 2 (3000 mm), or Zone 3 (6000 mm)) were recorded. Hyper-and hypopigmentation of the retinal pigment epithelium, geographic atrophy, and signs of exudative macular degeneration (serous retinal detachment, subretinal haemorrhage, subretinal fibrous scar, retinal pigment epithelial detachment, or laser scar for the treatment of exudative AMD) were recorded. If lesion types differed between the left and right eyes, then the more severe lesion was used for statistical analysis.
If the fundus photographs of participants with late AMD were indistinguishable from those indicative of chronic central serous chorioretinopathy (CSCR), polypoidal choroidal vasculopathy (PCV), or other diseases, participants underwent fluorescein angiography (FAG) plus indocyanine green angiography (ICG) to exclude chronic CSCR, PCV, or other diseases.
Definition for early and late AMD
Early AMD was defined, in accordance with the guidelines used in the Blue Mountain Eye Study: the presence of soft, indistinct, or reticular drusen or that of soft, distinct, drusen plus retinal pigment epithelium abnormalities. Late AMD was defined as either geographic atrophy or neovascular AMD.
Risk factors
Age was defined as the age at the time of examination.
Smoking history was ascertained by asking participants whether they were past, current, or non-smokers. Current smokers were defined as participants who smoked more than 20 cigarettes at the time of the study or in the 6 months before the study. Past smokers were considered as those participants who relinquished smoking for at least 6 months, and non-smokers were considered as those who had never smoked.
Current alcohol drinkers in our study were defined as those individuals who, at the time of the study, had consumed alcohol on more than 184 days in the year before the study.
Hypertensive individuals were considered those who were using antihypertensive medication as well as those with a previous diagnosis or self-reported history or a recorded systemic blood pressure (SBP) of 4140 mm Hg and diastolic blood pressure (DBP) of 490 mm Hg. Further, the duration of hypertension was categorized as longer or shorter than 10 years based on the medical history and anti-hypertensive medication usage of participants.
Diabetic individuals were identified based on the medical history of participants and the use of antihyperglycaemia agents. The duration of diabetes was also recorded as either longer or shorter than 10 years.
Hyperlipidaemia was assessed according to the medical history of antihyperlipidaemia agents. The duration of diabetes was also recorded as either longer or shorter than 10 years.
We assessed sunlight exposure by asking participants regarding the number of hours in a day during which they were exposed to sunlight in their lifetime (o4 h, 4-8 h, or 48 h).
Statistical analysis
Statistical analyses were conducted using the Statistical Package for Social Sciences for Windows (version 12.0, SPSS Inc., Chicago, IL, USA). w 2 -analyses were used to analyse demographic data, prevalence of the drusen type, pigmentary changes, and early or late AMD related to age and sex. Odds ratios (ORs) and 95% confidence intervals (CIs) were determined for risk factors related to early or late AMD. Statistical significance was set at Po0.05. Age-standardized prevalence was estimated using direct standardization of the study samples to the world population in 2000 (http://seer.cancer.gov/ stdpopulations/world.who.html).
Results
Of the 708 participants included in the present study, 680 (96.04%) had at least one fundus photograph of either eye, and 673 (95.05%) had gradable fundus photographs. Among these 673 participants, the average age was 74.14 years; 365 (54.2%) were men, and 308 (45.8%) were women There was no statistically significant difference between participants with and without gradable photographs with regard to age, gender, education level, proportion with diabetes, or hypertension.
Demographic characteristics of participants according to the lesion type
Gender, body mass index (BMI), waist-to-hip ratio, education level, alcohol consumption, smoking habits, and the incidence of diabetes and hyperlipidaemia did not differ significantly between participants with no AMD lesions, drusen only, early AMD, or late AMD. Participants with late AMD were significantly older, their average duration of daily sun exposure was significantly longer, and they were significantly more likely to suffer from hypertension than participants with early AMD, with drusen only, or with no AMD lesions (Po0.01, Table 1 ).
Prevalence of drusen, pigmentary changes, and early and late AMD
The prevalence of soft drusen (drusen 463 mm, including distinct and indistinct drusen) among all participants was 40.6% (n ¼ 273). Significantly more men than women had soft drusen (43.3 vs 37.3%, Table 2 ). Older participants were significantly more likely to have a drusen area of 4500 mm (P ¼ 0.040, Table 2 ). Pigmentary changes were significantly associated with older age (P ¼ 0.040 for men, P ¼ 0.013 for women, and P ¼ 0.040 for the total group). The prevalence of pigmentary changes was similar in men and women (6.6 and 6.2%, respectively, Table 2 ).
The overall prevalence of late AMD was 7.3% (n ¼ 49) and it increased significantly with age (P ¼ 0.021 for men, P ¼ 0.006 for women; and Po0.001 for the total group, Table 2 ). The prevalence of early AMD was higher in men than in women (15.9 vs 14.0%, respectively), but the prevalence of late AMD was higher in women than in men (8.8 vs 6.0%, respectively, Table 2 ). 
Risk factors for early and late AMD
Early AMD Hyperlipidaemia for a period of more than 10 years was the only statistically significant risk factor for early AMD (OR ¼ 3.022, P ¼ 0.016, Table 3 ). Late AMD After multivariate adjustment, age was found to be a significant factor associated with late AMD (P ¼ 0.004, Table 3 ). The OR for participants developing late AMD at the age of 70-74, 75-79, and Z80 years was 0.593, 2.746, and 2.993 when compared with participants aged 65-69 years. Participants with hypertension for a period of more than 10 years had a higher risk for developing late AMD than those with hypertension for less than 10 years (OR ¼ 4.529; Po0.001) People exposed to sunlight for 4-8 h per day and 48 h a day had a significantly higher risk of developing late AMD than those exposed to sunlight for o4 h per day (P ¼ 0.185 and P ¼ 0.001, respectively). Gender, smoking habit, alcohol consumption, BMI, and diabetes were not significantly associated with early or late AMD.
Discussion
The prevalence of early AMD found in the present study was similar to that reported for Caucasians in the European Eye Study (EUREYE) 16 and for Asian Japanese in the Hisayama Study. 17 The prevalence of late AMD in our study (7.3%) was higher than that reported in any previous study conducted anywhere else in the world (Table 4) . However, after age standardization of participants aged Z65 according to the world population in the year 2000, the prevalence of early AMD (14.8%) more closely reflected the results of EUREYE (14.86%) and the Hisayama Study (14.62%), while the prevalence of late AMD (6.62%) was similar to that reported in EUREYE (6.62%, Table 4 ).
We have summarized the prevalence rates of AMD among Chinese populations using data from studies that followed the Wisconsin Age-Related Maculopathy Grading System after age-standardized prevalence of participants aged Z65 (except the Handan Eye Study that was conducted in individuals aged Z60 years) (Figure 1) . 7, 8, 11, 14 The Puzih Eye Study has, thus far, reported the highest prevalence of early and late AMD among Chinese individuals. 7, 8, 11, 14 To our knowledge, we were the first to investigate the prevalence of AMD in Taiwan since the Shihpai Eye Study (2008). 11 Shihpai is located in Taipei, the capital of Taiwan, and residents of the Shihpai area have, in general, a higher socio-economic status and a higher level of education (http://www.bthr.taipei.gov.tw/ public/Attachment/231610461872.pdf; http://puzih-hro. cyhg.gov.tw/populD/index.asp?Parser=99, 41); further, they receive more eye care than residents of Puzih. Puzih, The age-standardized prevalence of both early and late AMD in our study was higher than that reported in the Shihpai Study (14.8 vs 11.8% and 6.6 vs 2.87%, respectively, Table 4 ). Both our study and the Shihpai Study included Chinese individuals aged Z65 years, and the difference in the prevalence of late AMD between the two studies may well be due to differences in the occupations 18 and eye care 19 of individuals in Puzih and Shihpai. These factors may affect the development of late AMD.
The Beaver Dam Eye Study, 1 the Blue Mountains Eye Study (BMES), 6 and the Rotterdam Study 20 reported a prevalence rate of 1.6-1.9% for late AMD among Caucasians. Considering the results of the Hisayama Study, 10 the Funagata Study, 9 the Singapore Malay Eye Study, 21 and the Handan Eye Study, 7 late AMD seems to be less common among Asians than among Caucasians. The Baltimore Eye Survey reported that late AMD is more common among Asians than among African Americans. 22 Three studies conducted in Norway (the Oslo Macular Study, 2 the Greenland Inuit Eye Study, 3 and the Tromso Eye Study 4 ) reported a higher prevalence of late AMD (2.8-9.5%) compared with other studies conducted among Caucasians. In contrast, the Reykjavik Study 5 in Iceland, which included participants living above the arctic circle, found that the prevalence of late AMD was 9.5% among participants aged Z60 years and 30.8% among those aged Z80 years.
The prevalence of late AMD in our study (7.3%) is more consistent with data from individuals residing in Nordic countries than with data from studies conducted among Asians. We suggest that exposure to sunlight could contribute to the development of AMD, 4, [23] [24] [25] and that the Early AMD Late AMD Figure 1 After age standardization prevalence of participants aged 65 or more (except the Handan eye study participants aged 60 or more) in major Chinese population-based studies where AMD lesions were assessed following the Wisconsin AgeRelated Maculopathy Grading System. AMD, age-related macular degeneration.
extent of sunlight exposure provides a reasonable explanation for the higher prevalence of late AMD in Nordic regions. Puzih is located at 231 North, which is far south of the Nordic regions, and, unlike the Nordic regions, sunlight in Puzih does not have seasonal daylight variations. Nevertheless, most participants in the Puzih Eye Study work outdoors all day, and they are thus exposed to long hours of sunlight since their 20s. Visible blue light in sunlight induces photochemical or photo-oxidative damage to the retinal pigment epithelium, and this may lead to the development of AMD. [26] [27] [28] Although other factors, such as dietary habits, might also explain the high prevalence of late AMD among residents of Puzih, we suggest that exposure to sunlight is a crucial factor contributing to the pathogenesis of AMD. According to AREDS (Age-Related Eye Disease Study) and other studies, [29] [30] [31] [32] dietary intake of zinc and antioxidants plus zinc can, in high-risk groups, reduce the risks of developing advanced AMD by 25%. Early intervention strategies are thus clearly important for the prevention of late AMD. In Puzih, the introduction of intervention strategies has, until recently, not been possible because the city did not have a large medical institute until 10 years ago. In elderly individuals, AMD can be mistaken for cataracts, especially when adequate eye care is unavailable. Even when AMD is diagnosed early, a lack of education and the high cost associated with the long-term use of antioxidants and zinc can lead to AMD being neglected by elderly individuals.
In our study, advanced age, hypertension for more than 10 years, and exposure to sunlight were associated with late AMD, while hyperlipidaemia for more than 10 years was associated with early AMD. Other characteristics such as a female gender, the amount of alcohol consumed, the presence of diabetes mellitus, and an increased BMI were not significantly associated with AMD.
Several previous studies have reported hypertension as a risk factor for AMD. [33] [34] [35] We found that hypertension for more than 10 years, with or without pharmacologic control, was significantly associated with the development of late AMD (OR ¼ 4.592; Po0.001). This observation is consistent with conclusions of the Framingham Study: the prevalence of age-related maculopathy progressively increases with an increase in the duration of systemic hypertension. 36 The pathogenic mechanism of AMD has not yet been elucidated, but prolonged filling of choroidal capillaries and thickening of Bruch's membranes can be seen in patients with AMD. 37 These observations suggest that long-standing hypertension can, through atherosclerotic changes, affect choroidal blood flow, which, in turn, can increase the risk for the development of AMD. 38 Exposure to intense bright sunlight or ultraviolet radiation may cause changes in the retinal pigment epithelium, leading to the pathogenic changes observed in AMD. Several studies have, thus far, reported that exposure to sunlight might increase the risk of AMD. 4, [23] [24] [25] In our study, participants who were exposed to sunlight for 4-8 h or for 48 h per day had a significantly greater risk for the development of late AMD than those exposed to sunlight for o4 h per day (OR ¼ 1.670 and 1.746, respectively, and P ¼ 0.040 and P ¼ 0.004, respectively). Although it is not possible to establish causality between sunlight exposure and late AMD, it is good practice to educate patients on the measures that they should take to prevent eye damage due to sunlight exposure, such as the wearing of hats and sunglasses. 39 A habit of smoking cigarettes has been identified as a risk factor for AMD in women 40 in Caucasians, 34, 41, 42 and the Japanese. 9 However, in our study, a current habit of smoking or previous smoking was not associated with AMD. Our finding is consistent with the results of studies conducted in Beijing 43 and Shihpai. 11 Hyperlipidaemia is associated with atherosclerosis and cardiovascular disease, and studies have indicated a relationship between cardiovascular disease and AMD. However, hyperlipidaemia has not been indicated as an independent risk factor for AMD in previous studies. 43, 44 We found that hyperlipidaemia for more than 10 years was associated with the development of early but not with late AMD (OR ¼ 3.022, P ¼ 0.016). In addition, the use of HMG CoA reductase inhibitors (statins), which reduce lipid levels and act as anti-inflammatory agents, is reported to be inversely associated with AMD. 45, 46 Patients who use statins to treat hyperlipidaemia might thus prevent the progression of early to late AMD. Further studies to elucidate possible mechanisms whereby statins could interrupt processes leading to AMD are needed.
Our study had several limitations. First, the sample size of our study was small compared with that of other studies. Further, our study cohort represented only 10% (680/6807) of the entire elderly population of Puzih. Second, there was a potential for selection bias because all of our participants were volunteers. Third, grading of the fundus photographs without fluorescein angiography and optical coherence tomography performed in conjunction may have led to misclassification of participants. For example, myopic maculopathy exhibits fundus features similar to those of exudative AMD, and these conditions have a higher prevalence among the Chinese 47,48 than among other populations. Fourth, the ages of participants and the definition of early AMD differ between studies, which complicate direct comparisons of the prevalence of early and late AMD between populations and regions. Fifth, in our study, sunlight exposure time was strongly associated with late AMD, but evidence of self-reported sunlight exposure time was not strong. Strengths of the present study include its population-based design, the high-response rate (95%), and use of standardized protocols from the Wisconsin AMD Grading System 15 and BMES. 6 In summary, our study demonstrated that the prevalence of early AMD in Puzih people was similar to that observed in Caucasians reported in EUREYE and in the Japanese reported in the Hisayama Study. The observed prevalence of late AMD in our study (7.3%) was similar to that in the Greenland Inuit Eye Study and The Reykjavik Study, but it was considerably higher than that in previous reports regarding the prevalence of AMD among Asians as well as Caucasians. We found that hyperlipidaemia for more than 10 years was associated with the development of early AMD. Older age, hypertension for more than 10 years, and exposure to sunlight were associated with the development of late AMD. The results of this study indicate that AMD might be prevented through the control of hypertension and hyperlipidaemia, and the avoidance of excessive exposure to sunlight.
Summary
What was known before K Several studies have been conducted on the prevalence of AMD in the Chinese population.
K
The Beijing Eye Study in China reported that the prevalence of early and late AMD in Chinese people aged 40 years or more is 1.4% and 0.2%, respectively.
The Handan Eye Study in China concluded that the prevalence of early and late AMD in Chinese people aged 30 years or more is 3.0% and 0.1%, respectively.
The Multiethnic Study of Atherosclerosis Study reported that the prevalence of early and late AMD in Chinese people aged 45 to 84 years living in the United States is 3.6% and 1.0%, respectively.
The Shihpai Eye Study in Taiwan concluded that the prevalence of early and late AMD in Chinese people aged 65 years or more is 9.2% and 1.9%, respectively.
What this study adds
K
The prevalence rate of early AMD in the present study was 15.0%, which is similar to that reported for Caucasians and Japanese reported in the European Eye Study and the Hisayama Study, respectively.
